Background: Several randomized controlled trials have compared different suture materials and techniques for abdominal wall closure with respect to the incidence of incisional hernias after midline laparotomy and shown that it remains, irrespective of the methods used, considerably high, ranging from 9% to 20%. The development of improved suture materials which would reduce postoperative complications may help to lower its frequency.
Background
Midline laparotomy is a standard method for gaining access to the abdominal cavity. However, in spite of a great number of different suture materials and techniques being available to achieve closure of the abdominal wall, the incidence of abdominal wall hernia remains high (ranging from 9% to 20%) [1] [2] [3] . The latest data show that 52% of incisional hernias occur within 6 months postoperatively, 68% within one year and 79% within two years after surgery [3, 4] . They do not only require most often surgery, but even after adequate treatment, they show recurrence rates up to 45% [5] . Another complication of a complex abdominal wall closure is a burst abdomen occurring in 1% to 3% of the patients within the first days after laparotomy [6] [7] [8] .
Rationale
Various randomized controlled trials and four corresponding meta-analyses reported in the literature have compared different suture -slowly absorbable versus rapidly or non-absorbable -materials or different sutureinterrupted versus continuous running -techniques for abdominal wall closure [9] [10] [11] [12] [13] [14] . These studies suggest that, using a running suture technique, slowly absorbable monofilament sutures may be the best choice for abdominal wall closure. As one possible reason for the still relevant incidence of incisional hernias, experimental research has demonstrated that, one year after a midline laparotomy, the abdominal fascia retains only 70% of its original strength, suggesting that adequate abdominal wall closure preferably needs a longer-lasting supporting suture [4] . Even though synthetic absorbable sutures such as polyglactin, polyglycolic and polydioxanone are slowly absorbable, they are fully absorbed after 70 to 180 days. Therefore, an ultra-long-term absorbable suture material may help to reduce the above mentioned postoperative complications such as incisional hernia or burst abdomen.
Purpose
The ISSAAC-Trial, a prospective multi-centre historically controlled trial, was designed to evaluate the clinical safety and efficacy of MonoMax ® , a new suture material. MonoMax ® is an ultra-long-lasting, absorbable, flexible and elastic monofilament with superior initial strength and predictable constant degradation rate. Compared to other absorbable monofilament suture materials, MonoMax ® shows superiority in knot and long-lasting linear tensile strength retention and provides additional security, indicating that MonoMax ® might be very well suitable for abdominal wall closure. To ensure optimal comparability with the study population of the INSECT-Trial as well as fast patient recruitment, only the four centres most successful in recruiting patients for the INSECT-Trial will enrol patients for the ISSAAC-Trial.
Methods/Design

Study objectives
The aim of the ISSAAC-Trial is to show the safety and efficacy of MonoMax ® suture material. To assess its safety, parameters such as wound infections and re-operation due to burst abdomen will be evaluated. It is expected that the frequency of both parameters may be equal or lower in the ISSAAC patient cohort than in the INSECT patient cohort. To assess its efficacy, the frequency of abdominal hernias at 12 ± 1 months after surgery is taken as parameter and is also expected to may be equal or lower than in the INSECT-Trial [15, 16] .
The hypothesis would be that that the frequency of wound infection and of re-operation due to burst abdomen until day of discharge are equal or lower in the patient cohort enrolled in the ISSAAC-Trial compared to patients included in the INSECT-Trial.
For the ISSAAC-Trial, a standardized surgical technique of abdominal wall closure with continuous monofilament sutures is being used as it was in the INSECT-Trial. Thus, the results obtained from both trials will be comparable. To this end, only patients operated with the use of either MonoPlus ® or PDS ® as suture material during the INSECTTrial will be included in the control group, excluding the patients randomized to interrupted sutures.
The composite primary endpoints of the ISSAAC-Trial are the frequency of wound infection, defined as redness, wound dehiscence with secretion (putrid or caliginous, smelly fluid) and/or microbiologic evidence of bacterial contamination, and the frequency of re-operation due to burst abdomen until day of discharge (see Table 1 ).
The secondary endpoints of the ISSAAC-Trial are the frequency of abdominal hernias at 12 ± 1 months after surgery, the frequency of wound-infection and complicated wound healing at 30 days after surgery, and the length of the hospital stay.
The incidence of incisional hernia within 12 ± 1 months after the operation diagnosed by physical and ultrasound examination is considered as secondary endpoint. A hernia is deemed present if the ultrasound examination shows a fascial gap and a protruding sac and if confirmed by the clinical examination. Assessment and documentation will be performed by a person who is familiar with the examination of the abdominal wall, but not involved in the surgical procedure. The ultrasound examination will be carried out by an investigator who has at least 6 months training in this method.
Ethics and informed consent
The final protocol was approved by the Ethics Committee of the University of Heidelberg Medical School. Secondary approval was obtained from all local ethics committees responsible for the participating centres. All patients eligible will be asked whether they are willing to participate in the trial and informed about the purpose of the trial, the operative procedures as well as their options and risks. Written informed consent will be obtained from all patients participating in the trial.
Intervention
Surgical technique
The operation begins with a skin incision performed with the electric cautery which penetrates through the subcutaneous layer. Next, the abdominal fascia is separated in the midline line with the electric cautery. Then, the incision of the peritoneum is made with the scissors and completed with the electric cautery. The surgical procedure is carried out in the usual fashion and according to local standards regarding the indication for the intervention.
Starting either from the cranial end or from the caudal end of the wound, the abdominal wall is closed by placing four Mikulicz or equivalent clamps at the edges of the abdominal fascia and a continuous all-layer suture using two MonoMax ® loops (USP1/Aesculap AG, Tuttlingen, Germany). Before use, in order to avoid breakage of the material, the monofilament suture MonoMax ® has to be stretched once by the assisting nurse/operation technician. The first stitch should be anchored cranially and caudally of the incision. The distance to the edge of the fascia and the distance between two stitches should not exceed 2 cm to 2.5 cm. After having closed half of the wound, the surgeon cuts one end of the loop immediately below the needle, passes it then from the opposite edge of the fascia and ties both ends with at least four knots. He proceeds in the same manner with the loop from the caudal end of the wound which intersects the other loop at the middle of the incision, both sutures lines overlapping at least 2 cm.
For every patient two loops must be used, irrespective of the length of the wound. After completion of the fascia closure, the loop is cut directly underneath the needle.
No subcutaneous or drainage is inserted. The skin is closed with skin clips or interrupted sutures with monofilament non-absorbable sutures. At the end of the intervention, the length of the incision is measured in cm.
During the first investigator meeting (November 22 th , 2007, Stuttgart, Germany), all participating trial centres were retrained in the required technique using abdominal wall models of mini-pigs and provided with a CD-ROM demonstrating the required surgical technique. Furthermore, they have continuous access to technical support by suture product specialists from Aesculap AG for all suturerelated issues and questions.
Postoperative intervention
After discharge from the hospital, the investigators will examine the patients at 30 days and at 12 ± 1 months after surgery. All complications leading to re-operation due to burst abdomen, wound infection and complicated wound healing will be documented within 30 days after surgery. At one year postoperatively, the incidence of incisional hernias will be recorded by physical and abdominal ultrasound examination. In total, the trial will last 12 ± 1 months for each patient (see Table 2 ).
Clinical sites
The selected sites were most successful in enrolling patients for the INSECT-Trial. Therefore four centres located in Germany will recruit 150 patients (for all inclusion and exclusion criteria see Table 3 ). All investigators are hospital-based general surgeons.
Safety aspects
The term "adverse event" covers any sign, symptom, syndrome, illness that appear or worsen in a subject during the period of observation in the clinical trial and that may impair the well-being of the subject. The term also covers laboratory findings of other diagnostic procedures that are considered to be clinically relevant.
A "serious adverse event" is any adverse event occurring at any time during the period of observation that results in death, is immediately life-threatening, requires or prolongs hospitalization, results in persistent or significant disability or incapacity.
All adverse events occurring in the abdominal region between the beginning of wound closure and the last visit of the patient at 12 months postoperatively must be documented on the appropriate AE form in the CRF, excluding adverse events that affect other body systems as they Table 1 ). Re-operation due to burst abdomen is classified as a serious adverse event.
Analysis of safety related data performed with respect to:
-Frequency of SAEs -Frequency of SAEs stratified by severity -Frequency of SAEs stratified by causality.
The sponsor will notify the competent authorities, ethics committees and all investigators concerned of unexpected SAEs and unexpected adverse device effects in line with applicable regulatory requirements.
As the adverse event definition used in the INSECT-Trial was broader, two surgeons will independently select from this trial's list of adverse events the adverse events to be taken for comparison in the present trial in accordance with the established definition.
Statistical considerations and sample size estimation
Patients are included for primary analysis if information about complications is available up to the day of discharge. Non-compliant and compliant patients will be compared with respect to age and sex distribution.
About 80 patients from the INSECT-Trial will serve as control group. Using the 1:4 rule, up to 320 patients could be collected in a sensible manner. Within a reasonable timeframe of 1 year, 150 patients could be enrolled into the ISSAAC-Trial. Assuming a drop-out rate of 7%, 140 patients could be subjected to an analysis with respect to the primary endpoints. This would be sufficient to construct a 90% confidence interval around the estimate that would not cover the value of 25% with a power of 10% when the true event rate is at 15%.
It is expected that the historical control group will comprise about 130 patients who had been enrolled into the INSECT-Trial. To make the comparison with the historical control group as meaningful as possible (using an "information per patient" metric), the size of the MonoMax ® group should not exceed the size of the control group by too much und has been accordingly established at 150 patients, allowing for 10 drop-outs.
Each participating centre should add at least 1/4 to the patients it had recruited during the INSECT-Trial, e.g. Marburg at least 7 patients and the other three at least 10 patients each. In order to avoid a centre effect, no participating hospital should include more than 80 patients.
The level of significance for the confidence intervals is set at 95 and 90% in order to perform a one-sided test of significance against the 25% event rate stated in the null hypothesis. The trial is performed according to the Declaration of Helsinki in its current German version, the national medical device law and the guidelines for Good Clinical Practice (GCP), as applicable.
Trial organization, coordination and registration
On-site monitoring
Authorized, qualified representatives of the Sponsor will visit the investigational sites at regular intervals to verify adherence to protocol and local legal requirements, perform source data verification and assist the Investigator in his trial related activities.
During recruitment of patients, the participating study centres will be monitored according to Good Clinical Practice (GCP) guidelines. A monitor from the Coordinating Center for Clinical Trials will audit the data.
Data management and quality assurance
Data is entered in prepared electronic CRFs which form a front end to a database. The Clinical Database Management System MACRO (Infermed Ltd., London, UK) is used for planning and entering data into the database. Range and plausibility checks are programmed into the database. An audit trail ensures that original entries remain accessible after correction. Data entry is be performed by personnel trained on the use of the system during the monitor's initiation visit.
Data reported on the CRF derived from source documents should be consistent with the source documents or the discrepancies should be explained. Within two weeks after completion for each patient, the Investigator should confirm that he has completed, signed the CRFs and made them available for full inspection by the clinical monitor.
Enrolment must be reported immediately by the investigators by fax on prepared forms directly to the KKS.
Closing of the clinical data and follow-up database
The clinical database, including all information until 12 months postoperatively, will be closed after the 12 months follow-up visit of the last patient enrolled into the ISSAAC-Trial. There will be an interim analysis after the 30 days follow-up visit of the last enrolled patient which includes the combined primary endpoint and the secondary endpoints, i.e. wound infections and wound healing disorders after 30 days of surgery. The results of the other secondary endpoint, incisional hernia at 12 months postoperatively, will be evaluated accordingly. 
Current status and planning
Discussion
An "ideal" suture material would help to prevent the occurrence of incisional hernias and other complications such as wound infections, wound pain and suture sinus to a minimum. Although various randomized controlled clinical trials have been reported in the literature addressing the use of different suture materials and techniques for abdominal wall closure after midline laparotomy, no ideal combination of suture material or technique has been found so far [9, [12] [13] [14] 17] .
Several of these trials compared slowly-absorbable versus fast-absorbable or non-absorbable suture materials and others interrupted versus continuous running suture techniques [9, [12] [13] [14] [16] [17] [18] . They reported a significant higher incidence of wound pain and suture sinus formation where non-absorbable suture material was used. The results also showed that closing the abdominal wall closure with continuous rapidly absorbable suture material was correlated with a significantly higher occurrence of incisional hernias compared to closure by continuous slowly-absorbable or non-absorbable suture material [12, 22] . However, no statistically significant differences in outcome features of wound dehiscence and wound infection were found when various suture materials were compared [13, 14] . It has been suggested a correlation between postoperative wound infection and development of incisional hernias [17] . Thus, the prevention of wound infection may be more important in avoiding incisional hernias than the kind of suture material or the type of closure technique [19] [20] [21] .
Most authors suggest that a slowly absorbable monofilament suture material is superior to a non-absorbable suture material for closure of the abdominal wall. Furthermore, the presumably ideal suture technique appears to be a mass closure using a continuous running suture technique with an adequate suture length to wound length ratio of at least 4:1 [14, 22, 23] . However, there is no standard technique generally accepted as best or rather safest for closing the abdominal wall after primary midline laparotomy. This was one of the reasons to design and conduct the INSECT-Trial with the aim to answer the question of the best method to perform this intervention [16] . Using three different closure methods, the frequency of incisional hernias within one year postoperatively was compared as primary endpoint.
Synthetic absorbable sutures which have become available over the last decade have the advantage that they are degraded by the body system and fully absorbed within 70 to 180 days. However, they lose 50% of their tensile strength already after 14 to 30 days [24] . Therefore, they may be not the optimal suture material for abdominal wall closure. The ISSAAC-Trial was designed to investigate whether the use of an ultra-long-lasting absorbable monofilament suture material is safe and prevents the occurrence of incisional hernias after primary midline laparotomy.
Several potential risk factors may have an influence on the occurrence of incisional hernias such as complicated wound healing, wound infections, obesity, chronic bronchitis or diabetes mellitus [4, [25] [26] [27] [28] . However, wound infection remains the most significant early postoperative complication in 3 to 21% of patients undergoing midline laparotomy [4, 19, 21, 29, 30] . Thus, the prevention of wound healing complications should reduce substantially the incidence of incisional hernias. Studies comparing slowly absorbable versus rapidly absorbable suture material for closing abdominal wounds showed that none of the suture materials provided satisfactory results in preventing wound healing complications. In order to evaluate the safety of MonoMax ® , we chose as primary combined endpoint for our trial the frequency of wound infections, the frequency of complicated wound healing and the frequency of re-operation due to burst abdomen until day of discharge and defined as secondary endpoints the frequency of wound infection and healing disorders at 30 days after surgery. Since the literature shows that 50 to 70% of incisional hernias develop within one year postoperatively, we chose an additional secondary endpoint, that is the frequency of incisional hernia one year after surgery, as efficacy variable [4] .
In the ISSAAC-Trial, a highly standardized surgical procedure will be used along with the suturing technique already used in the INSECT-Trial. Thus, it is reasonable to compare the results from the present trial with the data already collected during the earlier study. Because ISSAAC uses continuous monofilament suturing material, only patients enrolled in the INSECT-Trial who underwent the same treatment with MonoPlus ® and PDS ® will serve as control group.
Conclusion
The ISSAAC trial is a historically controlled, single arm, multi-centre, prospective surgical trial to evaluate the safety and efficacy of a long-lasting suture material, MonoMax ® , for abdominal wall closure after primary midline laparotomy. As clinical relevant conclusion, the ISSAACTrial aims to find out whether the use of MonoMax ® will reduce the rate of wound infections and subsequently lower the incidence of incisional hernias.
